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Methods for increasing data capacity 

1. Increase bandwidth (move to higher frequencies): 

• Can lead to challenges with atmospheric losses 

 

2.Apply spectrally efficient modulation (such as Quadrature Amplitude Modulation): 

• Requires a high signal-to-noise ratio (SNR) and thus a high transmit power and/or antenna gain 

 

3.Use multiple independent channels (using spatial multiplexing): 

• Requires multiple apertures 

 

Capacity = 𝑀 ∙ 𝐵 ∙ 𝑙𝑜𝑔2 1 +
𝑆

𝑁
 

Multiple channels 
 

Bandwidth 
 

Spectral efficiency 
(Shannon’s capacity theorem) 
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Increasing bandwidth and signal-to-noise 

Shannon Capacity Theorem 
 

𝐶 = 𝐵 ∙ 𝑙𝑜𝑔2 1 +
𝑆

𝑁
 

 
𝑆

𝑁
= 2

𝐶
0.1𝑓𝑐𝑎𝑟𝑟𝑖𝑒𝑟
 

− 1    for B = 10% of 𝑓𝑐𝑎𝑟𝑟𝑖𝑒𝑟 

 

0.1

1

10

100

1000

0.1

1

10

100

1000

0 50 100 150 200 250 300

SN
R

 R
eq

u
ir

ed
 (

d
B

)

To
ta

l A
tm

o
sp

h
e

ri
c 

Lo
ss

 (
d

B
)

Frequency (GHz)

Atmosphere+Cloud

SNR Required

Slant Range: 10 (100 km)

1

10

100

1000

0 50 100 150 200 250 300R
eq

u
ir

ed
 T

ra
n

sm
it

 P
o

w
er

 (
W

)

Frequency (GHz)

The spectral “sweet spot” for attaining 100 Gb/s within practical physical constraints lies between 
70 and 120 GHz 

High Atmospheric Attenuation 

 
High SNR 
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Photonic Generation of Millimeter-waves 

F=15.4 GHz 

94 GHz 

Data Rate = 10 Gb/s 

94 GHz 

Battelle uses photonic components to generate and modulate the millimeter-wave signals.   
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